ABSTRACT The mating behavior and developmental reproductive biology of the soybean stem borer Dectes texanus texanus LeConte were studied.
THE SOYBEAN STEM BORER Dectes texanus texanus (LeConte) has been reported as a sporadic, endemic pest of soybean in the eastern United States since 1968 (Daugherty and Jackson 1969) . Since 2000, there have been several severe infestations reported on soybean plantings in Kansas. Adults emerge from infested soybean stubble from mid-June to early August, to deposit eggs in the mid-canopy leaf petioles. The resulting larvae feed within the petiole before tunneling into and down the main plant stem. Larvae overwinter at the base of the soybean stem beneath a plug of frass. Plants are then girdled an inch or two above ground level. Wind can then cause these plants to lodge causing up to 100% loss of the crop (Daugherty and Jackson 1969) .
There has been no detailed study of the soybean stem borer reproductive biology and chemical ecology. The basic biology of the soybean stem borer was Þrst described in the early 1970s (Hatchett et al. 1973 (Hatchett et al. , 1975 Patrick 1973) . The chemical ecology of cerambycids in general has been little studied, although chemical signals have been shown to play an important role in mating behavior. Some cerambycids mediate mating by using long-range sex pheromones (Bento et al. 1992; Iwabuchi 1982 Iwabuchi , 1985 Sakai et al. 1984; Leal et al. 1994 Leal et al. , 1995 . However, in the majority of species, male cerambycids search for females within a short range and contact them using other stimuli (Linsley 1959; Michelsen 1964; Doppelreiter 1979; Akutsu and Kuboki 1983b; Iwabuchi 1985; Galford 1977 Galford , 1980 . Antennal contact is usually required before mating takes place, suggesting the importance of contact sex pheromones within this family (Akutsu and Kuboki 1983a,b; Iwabuchi 1985; Kuboki et al. 1985; Fauziah et al. 1992; Fukaya and Honda 1992) . Once mounted, the male licks the female elytra and thorax with his palpi, which seems to have a calming effect on the female before copulation takes place (Michelsen 1964 , Akutsu and Kuboki 1983a , Fauziah et al. 1987 , Fukaya and Honda 1992 .
Preliminary olfactometer and wind tunnel experiments failed to demonstrate the existence of a longrange male or female released volatile sex pheromone for D. texanus texanus (D.J.C. and S.B.R., unpublished data). Our main objectives were to characterize the mating behavior of D. texanus texanus and to report on the existence of a female contact sex pheromone. In addition, we undertook an analysis of the reproductive development of female stem borers.
Materials and Methods
Source of Insects. Overwintering larvae and pupae were collected from girdled soybean stems in north central Kansas (April 2001) . Insects were then kept in plastic rearing cups (4 by 4 cm) and reared in an incubator under a photoperiod of 16:8 (L:D) h at 25ЊC and 70% RH. Adults were fed on 1-cm lengths of fresh green bean, Phaseolus vulgaris L., according to methods used by Hatchett et al. (1973) . Beans were replaced every other day to maintain a fresh food source. The resulting adults were used in all experiments described below.
Ovariole and Egg Development. To better understand egg development in these beetles, ovarioles from 0-to 31-d-old virgin females (n ϭ 5 for each age class) were dissected. Their lengths were measured under a binocular microscope. The developmental state of oocytes and presence of mature eggs were recorded.
Oviposition Activity. Pairs of virgin female and male insects (8 d old) were placed into plastic petri dishes (8.5 cm in diameter) at 1300 hours and allowed to mate (n ϭ 7). After mating, the males were removed and a fresh piece of green bean was placed into the petri dish with the female. The bean was removed every 24 h and replaced with a fresh piece. The beans were then dissected and examined for eggs (Hatchett et al. 1973 ). This procedure was repeated until the female died.
Sexual Maturity and Mating Behavior. Adult beetles were observed in the laboratory to study their mating behavior and determine when the beetles were sexually mature. Individual pairs of virgin male and female adults of different ages (newly emerged to 8 d old) were observed in a plastic petri dish (8.5 cm in diameter). Abdomen bending (upon mounting a female the male bends his abdomen until successful copulation is achieved) or mating between 1400 and 1500 hours was observed, to determine the age at which such behavior was exhibited. Mating behavior of individual pairs of 8-d-old virgin female and male insects in plastic petri dishes was also observed and described into a tape recorder for 1 h. Observations were made from 0900 to 1700 hours. All observations were done under ambient light at room temperature. The following behaviors were timed: tarsal contact, antennation, licking, mounting attempt, and copulation. The number of times a behavior was attempted (bout) was also recorded for each observation hour.
Dummies and Models. Ether-washed adult males and females were used as dummies (Iwabuchi 1985) , thereby allowing visual mating cues to remain. These dummies acted as models without any olfactory stimulus (unless an extract was applied to the body surface). Eight-to 12-d-old insects were used for all experiments. Insects used for dummies were killed by placing them in a Ϫ15ЊC freezer for 1 h before being washed in ethyl ether for 1 h. Female extract was obtained from the washings of whole bodies of live, virgin females. Bodies were washed sequentially in methanol, hexane, or ethyl ether for 1 h, before being concentrated under nitrogen gas. These single insect equivalents were then dispensed in 20 l with a pipette to dummies as required. The solvent fraction of the extract was allowed to evaporate for 1 h, and the insects were afÞxed to the center of a standard plastic petri dish (8.5 cm in diameter) by using double-sided sticky tape. A single virgin male was then introduced into each test dish and the abdomen bending response to the dummy was observed. Untreated females that had been killed by freezing were used as a control. Three dummy experiments were carried out.
Female Choice Bioassay. The female choice bioassay made up of two different treatments (n ϭ 10). Male insects were given a choice between a female dummy that had been washed in water, methanol, hexane, or ethyl ether and an unwashed dead female.
Female Dummy No-Choice Bioassay. The female dummy no-choice bioassay made up of Þve different treatments (n ϭ 20). Males were tested for abdomen bending on females that had been unwashed and those washed in water, methanol, hexane, or ethyl ether. The proportion of males responding to dead unwashed females was compared with their response to the other four dead washed female treatments by using the 2 test (Sokal and Rohlf 1995) .
Male Dummy No-Choice Bioassay. Male dummy nochoice bioassay made up of three different treatments (n ϭ 10). Ten live males were tested for abdomen bending on unwashed dummy males, those with 20 l hexane applied to the body surface, and those treated with one female extract equivalent (in 20 l of hexane). The proportion of males responding to dead unwashed males was compared with their response to both hexane-treated males and female extract-treated males by using the 2 test (Sokal and Rohlf 1995) . All bioassays were carried out in the laboratory between 1300 and 1700 hours under a light intensity of 10,000 lux at 30ЊC. Oviposition Activity. Newly mated 8-d-old females (n ϭ 7) were able to oviposit as soon as 4 d after mating (Fig. 1) , although 7Ð 8 d was usually required. Under laboratory conditions females were able to deposit up to Þve eggs daily for up to 20 d. Fig. 2 . Males and females initiated contact by tapping each otherÕs antennae. A few seconds of such "antennal jousting" was usually enough to excite the male that he would mount the female immediately. If, during this antennal jousting, the female was unwilling to mate, she would stridulate and walk away from the male. No particular pattern of movement around the female was observed. Males mounted the female usually from the rear, clasping the sides of the femaleÕs abdomen with the pro-and mesothoracic legs. If the female was unresponsive, she would stridulate and attempt to dislodge the male by kicking with her hind legs. If this occurred, the male would lower his head and seem to stroke the elytra of the female with his maxillary palpi. This behavior usually had a calming effect on the female. Once mounted on a motionless female, the male curled the tip of his abdomen, extending his genitalia under the femaleÕs abdomen. This "abdomen bending" continued until copulation commenced. Mating usually lasted from 30 min to 1 h. If mating stopped before 30 min, males would usually continue to abdomen bend until mating was reestablished. Females usually remained motionless during the entire copulation period.
Results
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ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA Vol. 97, no. 3 to 100% by 8 d postemergence (Fig. 3) . Pairs of 8-dayold virgin insects (n ϭ 6) were able to mate at any time between 0900 and 1700 hours (Fig. 4) . No signiÞcant differences in mating time (seconds) or number of mating bouts was observed for any of the different 1-h observation time periods (analysis of variance; P Ͼ 0.5). SigniÞcant differences were observed in female stridulation time between 0900 and 1300 hours, compared with between 1300 and 1700 hours (paired ttest, P Ͻ 0.05). Stridulation bursts lasted between 1 and 113 s (n ϭ 22). No female stridulation was observed between 1300 and 1600 hours. Two of the six tested females did stridulate between 1600 and 1700 hours; however, their stridulation times were only 1 and 5 s long (one bout each). Dummies and Models. In the choice study, none of the females washed with water, methanol, hexane, and ethyl ether elicited an abdomen bending response in male insects (n ϭ 10). When given a choice between a washed or unwashed female, there was a 100% abdomen bending response on the unwashed female dummy, suggesting that solvent washing removes a contact pheromone and that mate recognition was not cued by mechanoreception alone. In no-choice tests (n ϭ 20), 14 males showed an abdomen bending response to dead female dummies that were unwashed, whereas 16 showed an abdomen bending response to water-washed dead females. Male abdomen bending response to either the methanol-, hexane-, or ethyl ether-washed dead females was poor. In each case, only one male responded to a solvent washed dead female and was thus signiÞcantly different compared with the unwashed dead treatment results ( 2 ϭ 18.03, P Ͻ 0.001).
In the male dummy no-choice tests (n ϭ 10), males showed a low abdomen bending response to male unwashed dummies or male dummies that had hexane applied to their cuticle (one and three responses, respectively). Both these responses differed signiÞ-cantly compared with the nine abdomen bending responses to male dummies that had received female hexane extracts ( 2 ϭ 7.5, P Ͻ 0.01 and 2 ϭ 12.8 P Ͻ 0.001, respectively).
Discussion
The typical mating behavior of D. texanus texanus resembles that of several other cerambycid species in that a female-produced contact pheromone is required for mating to be successful (Akutsu and Kuboki 1983a,b; Iwabuchi 1985; Kuboki et al. 1985; Fauziah et al. 1992; Fukaya and Honda 1992; Wang et al. 1991) . The male palpal stroking or "licking" behavior to calm an unresponsive female during a mounting attempt has also been observed in other cerambycid species (Iwabuchi 1982; Akutsu and Kuboki 1983a; Fauziah et al. 1987) . Although beetles mated at all times, mating times were generally longer between 1300 and 1700 hours. Similarly, Hatchett et al. (1975) observed that mating on host plants in the Þeld occurred most frequently between 1400 and 1700 hours. There was no indication that stridulation was associated with mate location or mating. Both males and females only stridulated when they were stressed.
The solvent-wash bioassays clearly demonstrate that the femaleÕs sex pheromone is present in her cuticle and is likely a lipid-soluble material. This product is probably secreted from through the many pores located on the surface of the insectÕs cuticle. There is no evidence that there is a male-or female-released volatile sex pheromone that is active over more than a distance of a few centimeters. We can only speculate that adult D texanus texanus emerge from stems, rest on the upper leaf canopy of new plants, and then recognize a mate through visual and possibly auditory cues alone. Once the males and females contact one another, a putative contact pheromone seems to elicit copulatory response by the male. Future studies are clearly needed to identify the contact sex pheromone of this species. The contact pheromone of the beetle Psacothea hilaris (Pascoe), (Z)-21-methyl-8-pentatriacontene, is the only cerambycid contact pheromone identiÞed thus far (Fukaya et al. 1996) .
Although the Þrst mature eggs in some virgin female ovaries were observed at 14 d postemergence, eggs were generally not observed in most females until 20 d postemergence. Eggs oviposited by virgin females did not develop further. Mated 8-d-old female adults were able to oviposit 4 d later. Mating, therefore, seems to hasten egg development signiÞcantly.
In the laboratory, mating occurred as soon as the females were 5 d old, and they were then able to oviposit as soon as 4 d after mating. In the Þeld, under warmer, summer conditions, mating and oviposition may be able to take place even sooner. These results show the small window of opportunity that growers have in which to control newly emerged adults before they are able to mate and deposit eggs on the soybean stems.
